SUMMARY To identify metabolic and other concomitants of a single important type of atherosclerotic cerebrovascular disease, 75 patients with angiographically and surgically proven internal carotid stenosis were compared with age and sex matched control subjects with respect to plasma cholesterol, triglycerides and glucose. They were also compared for blood pressure, cigarette smoking, evidence of ischemic heart disease, peripheral vascular disease and for a family history of these diseases.
Patients with carotid stenosis had higher systolic and diastolic blood pressures and higher plasma cholesterol and triglyceride concentrations than the control groups. They had, as well, a far greater likelihood of being cigarette smokers and a greater likelihood of having diabetes mellitus and previous evidence of coronary and peripheral vascular disease. Patients with carotid stenosis were far more likely to have 2 or more of these common concomitants of atherosclerosis than were the control subjects.
The data suggest that the precursors of carotid stenosis are similar to those of coronary atherosclerosis and raise the hope that modification of these factors may decrease the incidence of this highly prevalent form of cerebrovascular disease.
THERE IS little evidence that specific treatment will restore function when brain infarction has already occurred. Most therapeutic efforts have been devoted, therefore, to treatment of acute ischemia and to prevention of stroke in patients with transient ischemic attacks. Anticoagulants, antiplatelet agents, and endarterectomy are often employed in hopes of preventing infarction when symptomatic cerebrovascular disease is present. Establishment of significant risk factors for stroke could lead the way to earlier, and possibly more effective, treatment aimed at stroke prevention. The potential for prevention has been demonstrated by the lowered incidence of stroke in hypertensive subjects following antihypertensive therapy. 1 " 3 Most risk factor studies in cerebral vascular disease have been concerned with humoral factors as well as with blood pressure, and the results have often been conflicting. One possible explanation is that in some of the reports all stroke patients were studied as if only one etiology for stroke existed. We believe that the different types of vascular pathology responsible for the stroke syndrome might have different predisposing factors, and that the risk factors for each etiological entity should be studied individually. The fact that the incidence of atherosclerosis is different for various sites in the cerebral circulation 4 suggests that each 666 STROKE VOL 8, No 6, NOVEMBER-DECEMBER 1977 site might have its own predisposing factors. The use of cerebral arteriography has allowed for more accurate diagnosis of the various causes of stroke. We report here an analysis of several potential risk factors in patients with atherosclerotic stenosis of the internal carotid artery.
Methods
The charts of all patients with atherosclerotic stenosis of an internal carotid artery who had undergone carotid endarterectomy from November 1968 to April 1975 by one of the authors (R.G.O.) were reviewed. Patients with recent cerebral infarction were excluded, because it might have influenced many of the variables we were studying, including blood pressure, plasma lipids and the electrocardiogram. Of those remaining, all who had determinations of both fasting plasma cholesterol and triglycerides were subjected to further analysis. All had arteriographically proven stenosis of an internal carotid artery, and an atherosclerotic etiology was verified at surgery and pathological examination. The patients' charts were reviewed for the following variables: age, sex, personal history of hypertension, myocardial infarction, angina pectoris, diabetes mellitus, previous stroke, claudication and smoking, family history of cerebral and cardiac atherosclerosis, blood pressure, evidence of ischemic heart disease (IHD) by electrocardiogram, and values for cholesterol, triglycerides, and glucose.
IHD by electrocardiogram was defined, for the purposes of this study, by the presence of one or more of the following: probable or definite old myocardial infarction, hemiblock, left bundle branch block, intraventricular conduction defect, complete heart block, or ischemic ST and T changes.
Two separate control groups were used. In each, patients were individually and randomly matched for age and sex. The first control group consisted of patients who entered the hospital for aortic and/or mitral valve replacement surgery. These patients were selected because they routinely underwent the laboratory studies listed above. Because the ECG findings and blood pressure of these patients were influenced by their valvular heart disease, these two parameters were also studied in a second age and sex matched control group of patients undergoing iridectomy for cataract. The latter group could not be used for the other variables studied, since these data were not uniformly obtained for cataract patients. Blood samples obtained following a 12 hour fast within the first 3 days of hospitalization were used for determination of cholesterol, triglycerides and glucose. 5 Blood pressure measurements and ECGs were performed prior to surgery.
The data from the study group and the two control groups were analyzed with an IBM 360/75 computer, to determine the prevalence of each of the above concomitants and for multivariate analysis. The x 2 test was used for analysis of the discrete variables and the paired "t" test for the continuous variables.
Results
Seventy-five patients who had atherosclerotic stenosis of at least one internal carotid artery had plasma lipid measurements made at the time of hospital admission. Seventy patients had transient ischemic attacks, either transient cerebral hemisphere ischemia or transient monocular blindness, and 5 patients were asymptomatic. None had had recent cerebral infarction. There were 56 (75%) males and 19 (25%) females. All were Caucasian. The age range was 42 to 77 years (mean 60 years); the mean age for males and females was 62 and 57 years respectively. In each instance surgical and pathological examination verified that the vascular lesion was atherosclerotic.
Of control group A, which consisted of 75 patients matched for age and sex, who were admitted to the hospital for valvular heart surgery, 39 underwent mitral valve replacement and 30 aortic valve replacement; 6 patients had surgical replacement of both valves. Of control group B, which also consisted of 75 patients matched for age and sex, all underwent elective iridectomy.
Each carotid stenosis patient was compared with his (or her) randomly selected age and sex matched control. We found a significantly higher prevalence (table la) of a history of smoking, myocardial infarction, angina pectoris, diabetes mellitus and claudication in the carotid stenosis group when compared with the cardiac surgery control group (group A). When the males were considered separately a history of diabetes mellitus was no longer significant. The prevalence of IHD by electrocardiogram and family history of coronary or cerebral vascular disease was not significantly different in the two groups.
The paired "t" test was used to compare the values for systolic and diastolic blood pressure, cholesterol, triglycerides and fasting blood sugar between the carotid stenosis group and control group A (table lb). Systolic and The presence of significant valvular heart disease is known to alter the blood pressure and ECG, so that Group A patients were not proper controls for these variables. Accordingly, an additional comparison of these parameters was made between the carotid stenosis group and patients entering the hospital to undergo iridectomy in whom the other risk factors were not usually measured (table lb). The systolic blood pressure was significantly higher in the entire carotid stenosis group and in both the male and female subgroups. The diastolic blood pressure was statistically higher in the carotid stenosis patients in the entire group and in the male subgroup. The prevalence of IHD was not significantly different in the two groups.
An analysis was made of the prevalence of multiple factors, including presence of a history of smoking, total cholesterol greater than 220, triglycerides greater than 135, systolic blood pressure greater than 140, diastolic blood pressure greater than 90 and a fasting blood sugar greater than 100 (table 2). The carotid stenosis patients consistently had a greater number of the concomitants of disease than the control subjects. Whereas only 20 (27%) of control group A patients had more than 2 concomitants, 52 (69%) of the carotid stenosis patients did. All female carotid stenosis patients had at least 2 of the abnormalities studied.
Discussion
We have studied disease concomitants in a single type of cerebral vascular disease -atherosclerotic stenosis of the origin of the internal carotid artery. This lesion is a known precursor of stroke. 8 A group of patients with radiologically proven disease were compared with 2 age and sex-matched patient groups. The patients in control Group A were used because plasma lipid values were routinely obtained on hospital admission, as they were for the great majority of carotid stenosis patients. Because the blood pressure and electrocardiograms of the Group A patients were known to be affected by their valvular heart disease, a second age and sex-matched group admitted for cataract extraction was compared for these variables. We believe the results to be meaningful because of the lack of known bias in the referral of patients for evaluation of their carotid disease. To our knowledge, patients were not referred because of their sex, or because of the presence or absence of known or suspected disease concomitants or medical complications. The presence of stable coronary artery disease is not considered a contraindication to carotid endarterectomy in our institution. Nevertheless, our conclusions must be considered ten- tative until such time as they are confirmed by prospective studies.
Our study was retrospective and the factors analyzed were concomitants of carotid disease, since the latter was already present, rather than risk factors. It seems unlikely, however, that the presence of carotid disease had altered these mostly metabolic parameters. Some justification for this conclusion may stem from the fact that many of the correlating concomitants are similar to the known risk factors for coronary artery disease. The ratio of males to females among our patients was 3 to 1. This male predominance more resembles that of myocardial infarction than thrombotic strokes in general. 7 Although the male to female ratio might have been influenced by hospital admitting practices, sex differences in acceptance of invasive procedures or other selective processes, we know of no such bias. Interestingly, the presence of IHD by ECG was similar in the carotid stenosis and control B patients.
Our results show that, in comparison with controls, patients with atherosclerotic carotid stenosis are more likely to have the following single concomitants of disease: hypertension, hypertriglyceridemia, hypercholesterolemia and history of smoking. The finding of a higher prevalence of hypertension and cigarette habit in carotid stenosis patients is in agreement with other studies.'
18 Hypertension appears in all these studies to be the single most important risk factor for stroke; the correlation in our study was higher with the systolic pressure than with the diastolic, in agreement with the Framingham study of "atherosclerotic brain infarction." 8 To date, treatment of hypertension is the only proven effective preventive therapy.
"
3 The effectiveness of cessation of cigarette smoking has not been established.
Abnormal serum lipids are frequently associated with coronary artery disease, 10 but have not been consistently found in patients with thrombotic strokes. 8 ' n~ls However, in two other studies, 16 -" which identified patients with and without arteriographic evidence of cerebral atherosclerosis, abnormal serum lipids were significantly associated with the atherosclerotic lesions.
While the carotid stenosis patients more frequently gave a history of being diabetic than did control subjects, the fasting blood glucose values were similar in the two groups. More thorough studies of carbohydrate metabolism were not performed. Sufficient number of patients with determinations of individual serum lipoproteins and of serum uric acid were not available to make any comment on the significance of these variables.
Patients with carotid stenosis had a greater number of the risk factors than did controls and these factors may be synergistic in their contribution to atherogenesis. This phenomenon was particularly evident in women; no female with carotid stenosis had less than 2 of the factors studied.
There are many reasons why the factors studied might predispose to atherosclerosis. Hypertension may directly damage the arterial endothelium, particularly at arterial bifurcations, where wall shear is high. The role of hypercholesterolemia and hyperglyceridemia is not completely clear; the lipid-bearing lipoproteins may enter arterial walls through intact or damaged vascular endothelium and cause or complicate atherosclerotic plaques. In addition, blood platelets of hypercholesterolemic patients are more sensitive than normal to certain naturally occurring stimuli to platelet aggregation. 18 The evidence that treatment of these identified concomitants of carotid artery stenosis will prevent stroke is not complete; however, it seems to be a logical conclusion. A Veterans Administration study 2 has shown that stroke incidence is reduced with treatment of hypertension; an important extension of this study was the demonstration 3 that even partial reduction of blood pressure was better than no treatment at all when subsequent myocardial infarctions, congestive heart failure, and stroke were considered.
